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(54) WATER-COOLED INVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly reliable water-cooled 
inverter structure in which the temperature of a power semiconductor 
module and a control circuit board can be lowered. 
SOLUTION: A plurality of shallow recesses and deep recesses are 
formed in a housing, and the bottom face of a power semiconductor 
module is bonded into the shallow recess to form a water channel for 
cooling the power semiconductor module directly. Since the current 
velocity of cooling water in the shallow recess is high, cooling 
efficiency can be enhanced and pressure loss can be reduced in a 
deep channel formed by the deep recess. Since a plurality of recesses I 
are provided, the power semiconductor module can be reduced in size, 
and since a plurality of power semiconductor modules can be arranged, 
reliability can be enhanced. The temperature of a control circuit can 
be lowered by disposing a control board below the water channel 
thereby isolating it from the power semiconductor module. Since the 
temperature of the power semiconductor module and the control 
circuit board can be lowered, a highly reliable water-cooled inverter 
structure can be realized. 



40 



1T -a 



a 



---—'a 42 



v 



ft- 1 ' 



v. 



LEGAL STATUS 

[Date of request for examination] 23.05.2003 

[Date of sending the examiner's decision of rejection] 01.02.2005 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 3676719 

[Date of registration] 13.05.2005 
[Number of appeal against examiner's decision of rejection] 2005-003131 



http://wwwl 9.ipdl.inpit.go.jp/PAl/result/detail/main/wAAA4yaqHqDA41 5 1 1 628... 1 1/29/2007 



Searching PAJ 



[Date of requesting appeal against examiner's decision of 23.02.2005 
rejection] 

[Date of extinction of right] 



http://wwwl 9 . ipdl . inpit . go j p/P A 1 /result/detail/main/wA A A4y aqHqD A4 1 5 1 1 628 



wntmmr a?) (12) & IH # It & ^ (a) 



#j$2003- 116282 
(P2003-116282A) 

m'ma ymw 4 mw 0(2003.4. is) 



(51)Int.Cl. 7 
H0 2M 7/48 
HO 1 L 23/40 



F I 

H0 2M 7/48 
H 0 1 L 23/40 



23/473 
25/07 



23/46 
25/04 



Z 5F0 3 6 

E 5H0 0 7 

F 

Z 

C 



m% rnxmom ol 17 h) mmizwi< 



(21)fHBfft# 


13W2001 - 31 1562( P2001 -31 1562) 


(71)fflgiA 


00000^108 










(22)tf!^H 


¥^13^10^ 9 0(2001.10.9) 












mm 














































(74)«S!A 


100068504 








#Jf± /WH MIS W2«) 

WtJCfcM< 



(54) wmo&m #nrt>/*-9 

(57) [S»] 

to. ^»*^[6]±t-#. m^mMzxm^mv, 
to. mmuk?* >^~?im.*miX'% 6. 



■ 4 




Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



!(2) 003-1 16282 (P2003-1 16282A) 



[11*31 13 4-&< b i> , fc8W#!te#M«§*i4te# 
*MM WW. 

>y T^^th >v? - ttiJSr tett s ffflE> <7 - IS 
I^SIMlirr*lW»llIB»«&&«»S*i» WIB$iJ»!h1 

raw:, ae^tt«iv-bT*^$ni»*^^ ws- 

[W*^5 3 fl*Ifl2tt3Wt, Huia^V-¥#*f- 

[ It^JS 6 3 fl*il 5 izti V , iuiB$wms§» mz 

[f»*JB7 3 'J?%< b fc&afcfe^McSttSf&Sfck 
□ fc, frlB^P*ntffi^^tx§^ffl** > mi.7K^ 

^-rs^^-mss^Bi:, luiB^v-ms&ga^ftw-f- 

frfB^° , 7-ll]l^B&$iJ»-n»$iJ»tI]ll»i^ ; 5r< t 
i2ft#£U MlE^V-llIS&SIK&^mfEAV-iagS 



[ft*! 8 3 lt*J8 7 fctsv vc , fifiE&£P*#Wil> 
[11*119 3 ^< t «> , ttSbfoWI&SMcSfiSI&Sr 1 

-t, friB^^-niss^a^ffftJi, tufB^v-ni^igg 

Mlfi^V-IHSSgaoigHSrllMiJ 

«k3&»fe«ric^ix. mmmmmm<7)>j?%<bi>nx 

[^oP»iJBJ3 
[000 13 

-5lb7y^(.Insulated Gate 
Bipolar Trans i stor, JjTr" I GBT 

[00023 

^i^^Eti^^-^^w-r^^w^-^^. 02, 

2 3, 2 5, 2 6^t-8)TH^ia^i'P^ffijtA s Sffl 
H2 5 , 2 6 fitt}gfta]fl§3£<03MJ-C* £ . 

[ooo33023 [z^fmmmmmzauxii. * 

V-^Ja.-)V2 3 0<7)<kW^-7M2 3 1 \±. WBM 
^'y-X2 3 2Sr^LT, 7m7 4 >"2 3 5**-*JC» 

—9*r~-Z. 2 3 3fc|S^tTV^|) „ 
[0 0 04 3 *S§2 3 6{4, *K*A-2 3 4fcJ: , 3'f 

1 6, y-M«54Al 7, f5y^l8, tfcyf 
yfl 9(7) J;d *0S&*^ *«*Sa $ titz . ®M®$mM 
Tb&7\)yh®MBKMTPCBbWfrtl) 15 
{4, M^-iEa^fl/cZloWNV-^^A-^2 3 0^0 
JJSrfcSBSn. yx-ttm 2 3 3 t@S§tL§ . 
HSUTV^ i 3rV^zW»2 3 6tc» LT^SI***&SNct 

[000 5 3 H2 3T14PCB1 5{4. IS^a"-^ 



Patent provided by Sughrue Mion, PLLC ■ http://www.sughrue.com 



1(3) 003-1 16282 (P2003-116282A) 



«aii4-ra*><i«. 

[0006] ^N°y-^S/j.-;P2 30$>wy-¥mfo 

f77«l ^-XR2 3 1 , %ffltrV-*2 3 
2, 7 4>2 3 5£^LTJfc^§tU JWbWciDHai 
Sftft. 4fc. PCB1 5±fcl£B£;ftft[MH« 
Ji, J: filHRfc |sl«ffc s >"A- 

^fi*2 3 3^atTJS^§tL s 
ft. 

[00 073 -*, 02 £jfctm»mtmt. mm 
9-207583 tiaasixTfc o , f¥«trF 

cOjlDT'&ft,, ^a-;l^*&ffl§BPrS2 3£^yA' 
-9W&2 1 ^V-^jol-JH 060^M^- 

x l l £\ fflPSB 2 3 £fi<" J: o \zA yji-mw 2 l 

[ 0 0 0 8 ] *g&2 0{i s *g&#A'-2 2tM WW 
«£2 l<&JffiB*»vcjBSS*l*. i«fi§3IT13\ $ 

atwiii«ASK-^ i ltSTWia. 

-x 1 1 liTsrc****. 7 4 >zmfz> n fc t »ntrc 

[00093 02 3<nmffimGBte*i* ft#ffiitW* 

**uo««Siit, Rth (j-w) fc*Mfcffiiir*4A 
Tfcft. 

[0 0 1 03 S»fifii*flS«T# * WWUlfW 
lHifiAT*/hS<"C**. icOiifi, 7^$-<7A 

[00113 3 fcfc, 025,2 6 t^tlWM. 0 
2WlS«Jtfflffiit^tttg|nl±^0o7t^T* , 3, £V^ 

3Ws£fl±3-frft, ftfSi*h£ii*$tfft 

ft. 

[0 0 1 23 UpUSt* 1 ^ »SI£iM±$-£ft^fcfi. 

<oaffl#*s<3rft. *<9*S*, ^y?irg* 

ft*BB#£&4. 

[00 1 33 i^i^yrco^ X<Otft*;£ t Jt iJ, U 

ft jWWSJ LTifia*ifcfct* i t *fH 
4ftft„ z<7fl&m^ znzk&ti&L'ZKt, 
[0 0 1 43 J^V~^J^~iVl OsWRDftltMlfcll 



PgB2 5 2 *W^ft7KS&«jtft2 5 0fc flgE2 5 1 
£H*LT . #»2 5 3 >f(cavvHBHRtt2 5 4 fcRft 
Tl*ft. flgP2 5 Hi, ny-^i^A-ZH OcDTO^ 

fcSw-Miftfcfts Kasa<oaMWi' , «v— =e^a-;w i 

WFP4-2 1 5 6fcB«3ilTV^. 
[00 153 

asaw>it*£;t,*Lfcia2 5 , 2 6t^tfi!3RWtt, i" 
Xr AJfj&MX&ffltttg^H-C&o J; 5 ft . 

[00163 mffi&zmm-m^mcom 256 

ii. *Bfl§jIft2 5 0£OI¥§ 2 5 7t± OikiRWfclMR 

§*itl4o. mnMiMi8&%xtib* mam 

tfflHTS>ft3&>^TS)ft. 

[00 1 73 ff£2 5 7{4. *<oaU£±. Mitfl~2 
mmtaS^S^ftWiSi-Cftft. V*-9<r> 
i o fc. iWfcW** < ^tm'=5rft li ti<Di fc (i^#T- 
*ft 0 lot, fig5|W)flBrctt. SUtWii**«WJUfc 

[0 0 183 4^, C]gP2 5 lcDft£#ffiV^, gV^ 
*SS«li2 5 4 4', *KflBi*2 5 0J:"9^V ; Eya- 

[00193 ;tir{io^2 5 1 zmiriwmmh 

tl&. S^t, *S#ffi3t#:2 50^02 5, 26cOj;'5 
{C-flKO*^, H2 6fcwSilTV^fliJ2 5 10>JgR 
fi, ^tii^l»T*fto 
[ 0 0 2 0 ] SHWttt, HJnfiS2 5 25&*A>flfflS2 5 1 
mx, ft i t *#^-tft t , H§P» 2 5 2 J: 0 

2 5 4 eosssati , SSTtcfll^S -frft i fc tt-T # % 

[002 1 3 $ ±^coft*^J»*-&. MfccOAy 
wl^Sft ft it li£ < tro 0 

a-A^)rtlBB*, *S0&#*tfti:, ^>>'i-;K7) 

^ b t » 4 ps^*% 

[00223 JJLhfi, A-v-tyj-;!/ 1 0 «0MCo 
[00233 ±IE^*0IJCO^. A'y-^^A-^O 
ZhtlXLtd. 



Patent provided by Sughrue Mion, PLLC - http://w\ww.sughrue.com 



:(4) 003-1 1 6282 (P2003-1 1 6282A) 



[0024] *ft«tt. tfffl#M.<?ttk*mil%:W 
[0 0 2 5] 

[0026] urn, jyrt-fimfctiw-^i? 

1 3 tr^MB^tlfcAy-^: i^jL-ZW 1 0 , 

u*. IMflNllftXKl 5lctt, v-fnyi6 s 
7^A*17, h^yxi 8, tS3Vf >-tl 9cOJ;-5 

[0027] S8tBW)#KM)«J: 3 fc, 3R£k»*^S ^ 

^tBiEiiii^i < -r s 1 essti=srv mi tar, 

WRKT* S ; «y TTfflttf) l 0 fgHJSeT" 

C0*£, e«|»BKtt3 3mm«airC*tUX, il^Wt 

[0028] Ui-^, r«R®t«t:7 < ySriS 

»t*<&Wi$rK -nil, H2, 2 5, 26<nmMb 
El*?**. ^-^VMiaKfcitfcS-itfcvvc, St 
attifcfcS »vvW8S\ v^Hc:f§1Sfc»& 

[0029] *JMreii, A V>*-9Wk 1 3(cS^S 

-XI 1 TH 3 ik avvWfcl 2£JKSLTV> 

S. 7m 1 2fctf l/a*^*f&^**fcfcfc&Sr# 
»l 2 l , 12 2*«33NaW=iWt'bivO^. =flr 
*J, teSfrtBU 2 1, 1 2 2 ti, SESWK^tfcfcWC 

i: 

[0030] -U, ZCOX -5 *»V>*|| 1 2<0t* 'J "V 
M4, 7]<WfflW*vh$^fctol^ EfcSBfeifltfcLT 
US o ££■?*&#, £*Ui, OToiattTM^ 
l>. 

[0031] ktk6«o i o ic, «8iarc&ai*5*£, * 

©aw««4*ra»{4d*g=5:v\ av>*Bl 2(4 

AV-^^A-Zt/ 1 OOTt^WtSftSifSi ttf 
«ot, JEE#8bfe£ffl»§-fr*fc*>fc:, a°<7- 
tyV/HO <02S3RtlBSRIfli bftv ^tf^O^MRB 

[0032] iO»^BffflS6*HSrEI 2 4 fciSr*-. H 
ltfHfr&fcS* 1 ?, >fy;<-***i 3fc»v>a»*» 



av-^'a-zH 0(4flq3tUirV>. 
[0033] JSLBS^Jfe i 3 lc, *W»(c ifitf , 4 y 

(4SV i£A £f M t T f«§ *l* VkH-Cff 3 <I t K 

[0034] ±jScOK^Ctt. 4 WWffitt 1 3fflJt 

-xi iffl{cg|v*S**KM-ttfl]*»l 2 5 k tTfcfi 
<, Sfcfc, ^yA-?ffifri 3, £JR^-xi icon 

[ 0 0 3 5 ] «I»llIBW)<Sffl^tl« LT , 04 £ 

[0036] /tV^i/'iWH 0<7)*g»<OlM«j£ 

5^«i«4 out-, yj<-?mm 2t,zm>t>ti, 

%mLX* v-fr(ya«4 1{4. >f yA'-^ff#4 2<0 
!Sffi^{3a-ri>JgM4 3cf^»6^tlT^S. ^ >-A- 
i?M*4 2 W+tat ^S^T-av 1 2 SrffM^SO 

[0037] #flHM3VVCH:, «taHftT*i^ 
ayi 6*«§n^v^nyS«4 114, ia^gBia 

4 2rt»fcSRWK36»r"C£ ftfeft, v>f n yS«co?flS 
(4, 

[0 0 38] ttz, K7-^t^-/H0tK5 

«4 1 1 f 5 >f a^6K4 o mcD$mimm&< x t y 

[0039] 

(Uttffii ) 06 i4, *«w«o»-<?Diatw*ittw-* 

3£t5«BE/*«[, 6 00V/400AOIGB 
ioL-;W£fg*SL£3 5 kwc03ffi-f yA'-^coM 

It, 6ffl01T-A I GBTtya-;l/5 1 0, 9M 
ayT>-f513, b^yx5 1 5, V-f n>-5 1 2, 
IGBTy-bH^-f A'5 14, ^>y7«fii5 24, f- 
7/3yfyt5 2 5 tf^SftfcHK^fllSB^ 
60, 2»7^;U^3y7 ; >^T"*)&«8lnyTy-9- 

5 2 OW^46^tL, JtM5 0T#A'-£;ft.-0^o 
[0040] JJ5 0 k-f yA-^f{j!6 1 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



!(5) 003-1 16282 (P2003-1 16282A) 



N (H^-f) imiX. M6<?)#)Ub 5 4X'W%& 
tlX^l, Mi, mftS4X&W)tzMZ^ A 

SJi, I«2 3 0mm (W) X260mm (L) X60 
mm(H) (IM^ts) 3 5kWO»4*#Jt 

[0 04 1] y 4 )V? a yfyf<rKk^^t4 0 mm 
<£, ft${i3 0mmT"£>£,, I 1 0 

CO-XZ £{3«&7 0 mm X 6 0 mmX'fo 0 , 1 GBTf 
7 7, 7y-*^-Uy/y^^-H (FWD)f77 
^#2f-«y7°rt^§tLT^I.. I GBT*Sol-;1/5 1 
OfcttU, V, Wc7)£tJ}j|2£|5 1 9, P, 
18, 517, $WW»g6 0**fiaK3ftT . 
[0042] A-X^-{i^7t°-yf-|H|^-C"JfS(il . 5 
mmtiiS. A°7-^Offi^{i:M5<50-ts;l/h 5 6TKft 
MVO>£. P, NAxA-5 18, 5 17f3SfJlt^) 

>zzi®m-mmt%^x^i. mmmmmma. i 

1 0cD*J«Bfrp5 2 8tX^-*- 

[0043] Etftte, 4 >^'-?ffi#:6 l coigffl^M 3 
<n#)VY57Xim£thZUzZ.*)ift^X^h. P, N 
/UA-518, 5 17<9P, NiffFffl|K{i7 4/1^3 
yr 5 2 0 #M 5 h 5 5 Xl&WiZtlX Hi. 

[ 0 0 4 4 ] *BnB«3tS6«Brc»4, 4 

cou, v, w, p, ns^, mmwrm 
ztix^z. mm&, p. nstoh^s^. u, 

v, w*raWfcHre*U. *fc. u, v, wgeis 

5 1 9 ttt , «i»ffl<o«sE«iajS"c* s^u^hh^v 

X5 2 3ffffl$tZ1xX^&. T)H-TjJ*yj$Zhm 
<KA J" Wffitt 6 1 <7)im<nm>hm5. 2 mmXh 0 , 

mmX'foh, 

[0045] ^mcowmx-hm^m 1 1 w»s 

li2mmT»S. Mtli >f >vWffifls6 1 
£, «J?2mm<OH!PSHtSr;V'S^A«5 3*KiO 
J: 9*3 2mmC9S^£ffMLf|i|LTV> 
*. 4 W Wf£*6 1 fc7VP5-?«MR5 3<0JU Hi* 

[0 04 6] ttz. I GBTtyA — /W5 1 0{4?f£t£;# 

tft«IH6 2«£§ 1 5mra»SUl»l:WLt, 
'mvmZffif&LX^h, 7 <)l?a>T>-y-5 2 0CD 
Mtfi, 4 >^-?S.tk6 1 tzayTyvffiKZIB&tt 
iifctiOffoTV^. 0Jffll[I]S&ffc9, tin>fv 
•9-5 16, b^yxs 1 5ttttKJ|&Bv4ffA'C&*. 

[0047] *mmmxn. tinyfyts 
i6, h 5 5 i 5±ffl^^s»>— h 5 i 6 £gea 



ii, ±aa*r>f yA'-^isfl5 6 i > *»5 i l^KS* 

[0048] *flfii»}^l*»fc: 1 5 U >v 
ffl* (±J&fr : X^y^'U 3-/1/) SrSfELT I GBT 
* i^Wl^g&jgSt ( f-yTs^ >- a y#>&#»# 
4? s Rth ( j-w) ) , £E;&S3fc£ffl£W:fc£ 
5, Rth (j-w) ) H17-A3fc0 0. IK/ 
W, ff^Sbiyi'f yA-^^flrCl 5kPaT*-5!t. 

[0049] BLWJBfett* aft£flli*>#M<7W 

v-f n y 5 1 2 wSJKJi^ 1 0 0 "Ct'S) o , «?3 yf 
y^-5 1 6 , h?^51 5 Officii:, ±fE*MRKJ: 
0, &*8 0°C, 9 0Xltm^l&ttlZ.ttfX'$ 
tz„ I GBTtya-;1^5 1 0/ffft6 llWO 

}#a]7kv—;Ht(i s 2 0 0 k P aJ2LtT&4 i t £«B 

(n»2) @7tt. *i«B<o»z^ie«M*iiB^r«. 
mmmmmm*^Lx^. m-^g&mwfci 

C0{i, IGBT*5>*-7k7 2, $lJfflHl]S§M 7 1 
[ 0 0 5 0 3 H 6 <0«^, fRHWlIKffiR 6 0 (i^Itg^RS 

[0051] *mmuc\tii,ztt®>Lx& o , 
mm ±M7otM3^b5 7x-u^^ i 9Eis 

tz, -?J3>5 i 2, ti^yfyts i 3, hyy^ 

it(PCB) WBfc JJHSfc. iOHJSMt H t < 

»f5^y-h5 1 6&H»l/rv>*. 
[0052] *tffiet LfcJSB^tt , I G BTty a ^ 
7 2 t$iJ#P@i?«$[7 1 coSg»^LT L4 3 . -fSr 

- h H Afc i g B ^a-yUOffiSI^JttA: IX J 

[0053] *£»WPtis IGBTtyj.- 

^7 2 (i, h H 5 -f **m. Liz f~ Y h* y 4 m 

lIGBTtyi-WU ; £vj.-;P7 2^.c7)0JfflIft 

■9*4, ?-hvyj^<7)mmimtix^&. 

[0054] , zcoii^<DWMliitmm^< x 

i>yjxi l zttlx , ffim%^zbteWt>Pk%'>x^$>. 

K^^^rtSlGBTtyi-/!'? 2c0iJW^7 6 

Av, <iy?y x.-xt--7)V1 5*mmLX*? 1 0k 

[0055] ^ottigtw tTii , h h y j mm 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



!(6) 003-1 1 6282 (P2003-1 1 6282A) 



mn i&, j^ifci oswwtetBRSiiijfefe, mi 
[0056] ) jjezoohww, fiwin 

^IKT'I, $iJ»HI^««-t-fX'&ffi«-C'#l»^. ffl 

[00 573 UpLSt*^, ffl»mi8®K*<0«>£>tf># 
IfOCK IGBTt N— X^-XtC 

[ o o 5 s 3 fcoT. yrt-fim*m*i*fm"c* 
tuts. fflm®$mm2ftmt, mm. v^jm 

[0 0 5 93 05(4, IGBTt^A-;l/5 1 OOjgfj 

510. 7^i/^3yfyt52o, -en^^N 0 

7-5RS*Mi£jtW 1 1 H-Tft * . £ fc , I GBTt 

[00603 y-hh'7-f^'5 14, 

13, b^yX5 1 5gs£ig»U y-hF^7*&tf 

£K) 58t, v-f ay5 1 2, ll?ayfyf5 1 3 

^MfHiUHHR ( a ymm ) 5 9 fc4HW tT v > s . 
[0 0 6 1 3 A*aS58<7)I GBTty'A-;P5 

i cvcosms, at/, 

t X'h h . ttgti: , v-f a y«« 5 9 <o JS8ffiT& h . 
<gW2mm<0r;P5-^A^>f^b«(OJBS5 2**r 
fcfcRtt, £<DjgMtv4nyg$5 9£M3#tt'f--5 

[00623 jfa»*, 4 y^-?mm i wfiffl^^^" 

JttKft, M6^#/kh5 4T'gft5 lfc@I5££ftS. 
K 7 A > mm 5 8 A^SBBBi , ffifr 5 1 <0JSffiO-» t 
PHPtP 5 2 7 ^IStt, £<0««*, ^^7x-^^- 
7>5 2 1 Siil- ifctci DUSl/O^. Srf 5 2 2 
(44 y?7x-X»7T&6. 
[00-633 £fc, Z<7)4 y^7x-X^-7";I^5 2 1 

«4, jAxizms^x'fo&tztb, ^mmmcnxaz, 
4y?7* -x^-yivm^ 8cmt{,y^f xmzn 

[0 0 643 *?A ay 5 1 2(4&ffl*S&5 1 1<0 
TffitGSU iWCIGBTti/'A^l/S 1 0i;jg|fr 

ayiimt&ZkiPCZt:. 4>x—9<n 



2 3 0mm (W) X260mm(L)X70mm(H) 

[00653 &£:*3aiffl<WfflflBt£0 1 7-2 2 Sr 
01 7-2 2(4, VYf*it>_hM s v 

-f^^^x-xlBSKiV^iiffllJig^Wft* (Hi 
7, 18(4»r®Sl5»^tf) . 
[ 0 0 6-6 3 01 7{±I GBT^^a.-;l/5 1 Of&tHfj 
£>¥M0, Brffi0TS>l>. 7-f^3yfyf5 2 0li 

%Mmm&i7 5, %vyvh7yx5 23mcomMm 

5 1 fc, HfiPSE" 1 7 2 , M 50*^1 7 4 fcfWtfcT 

(Wf- : 2mm) 5 3 £B*l/0>S . 
[0 06 7 3 I»(4, T^5^AS5 3(7)iafflS:ffi* 

7 7^|*]f2(45mm<£-C* l 9, 4 y^'-^tfO-ffi (0T 
t±£SH) £Hkttktl&. Hl8ttIGBT'Ej;a-;k5 
10, 7-fM3yfyt5 20, U, V, WISH5 1 
9J§»^cO¥ffi, BfHHT**. 

[0 0 683 IGBTtSoL-;W5 10ttM5>i0PM 

8 2-C«^'X^>ybS^LT@*5 1 (T/kS-^i^ 
«53)tcW0Wt^ 7^U^ayfyf520li 
«Wl7 5fc«tS*l*. U, V, Wfe^5 19(iIG 
BT^^'a-^5 1 OOiMCMS^b 5 6T'1XD 

[00693 ^^186, 1 87, 189, 1800(4 

1, 180 2(i#^S, KSS^-C**. IGBTt 
*l&5 1 

[00703 019 (4 Pa'xa- 5 1 8 j§«f£cD¥BJg 
sSHt***. «J?1. 5mm<7)^7h°v^-fflMPyN'XA' 
-5 1 8C, y-hSB 1 ? 1 800, Mf, WKPtS 
*F 1 8 9 SaWfcAWBHPW 1 9 0 , MX, 7 4 iV9 

ayfyy-mm 1 8 o 2K#fflBHPSs 1 9 1 sfSft, fr 
a«opffi^ 1 86, nt<fraco»si so it, ms 

[0 0 7 1 3 PSm86»J'J3B l 3aiU'0^aiJ#l 

9 2{4, itBWS^LSNSi^-f yy??yx&1g&i 
S-frSfc^X^fHtrC**. 02OJ4P, NA'XA-5 1 
8,517 *6»ffl*fii»« 526 fg«f£?)¥ffi0T-* l> . 
J¥SlmmCO^fi5 2 6tl GBT^^'a-^S 1 0 

Atf. 7^;^r?yr>- , m : Pffl^PgP2 0 
0, W, I GBT^:>>' J .-;P5 1 O^JffllS^ffllflPgP 
2 0 1 *Stt, ffawPA'XA'- 5 1 8£ffltett9fttt- 

[00723 02 1 (4Ny^A- 5 1 7^tSf*^Tffl0 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



:(7) 003-1 16282 (P2003-1 16282A) 



X'hh. 1 Stmt<W-% 1. 5mm<9? 

7e7f*NAXA'-5 1 7(C. 7^W3yfyt 
^SfflUP^ 1 2, IGBT^-^5 10M»B 
±ffi™BBPg|52 1 0, 1 1 

5, 5 6X'7 Jfcfzyry-t^&l 8 0 2, I GBT 
^*a-/P5 1 0<0N^1 8 7fcg^LT^£. MP 

tot, AxA-wfs*T-s & < -ti. <t a (clan 

[0 0 7 33 02 21iW*aHK5 8JHM* 

tx^-*-;i44A,£'|g»T\ BHWffP 18 9, 180 
OtSBRLTV^I). PCB<7):KW42mrru A#£(42 
3 0mmx I80mmt*4. «ff(4PC Bc05£Jg£ 

(HJfi^j4) z.titxc^mtm^m^x , v owiy 
x\ mmmz^mihcoxm^tz. u>l$# 

i. mmmmmmmx-. nmmti. 
[0074] ztiixcommmxn. ^2p*(4. mmm 
amm^shX'ht i gbt^v^-^s i o^ai 

*Sat«Wi» 7^?3yf>^5 2 0WTfflti* 
S&8 2£l£W£iPl/0^. 

[0 0 7 53 3yr^1f5 2 0<O5S)W4, I GBT^y 
3.-^5 1 0JiAT'J>8H. ft-3T, tf«C9«SS(4* 
»5 1 l^itAtK-tl^WSrV^ *g&8 
2<9»MW4. avvK»5 1 <05fgi LTsSIS: 1/5 
fcLT^S. 7KS§8 2{4. ^WWI#8 0, WPSB 
##T;P5-^«(«JS: 2mm) 8 1C0»«^^S 
LTflMEU:. 

[00 763 3Mt»8 2tJ:-5Ts 7^^3yf^t 
5 2 0 comt, *f»* 1 1 JtAt 3 0 'CffiMf S £ b 
-2f, ffi^t«*i«^'/h§v^to. 
Hft^J 1 fcJfr^C 0 . 5 k P ato«jDtfc 

2 0<offlB^*»<^jjEr^'f<t3tfcto, om 

[ 0 0 7 7 3 #llttMT'(4, V-f 3V 5 1 2 . H 
|?n yf>t 5 1 3 ff «J»f) PCB59 TWfcfiSHi^- 
f- 8 4 Srig* L . JHteftJKrt-* £ k fc J: 0 . iPJfflMi 
0WfrS]£3SHfcl/O**. 

[00783 *%mco-t y^~mm.n. wmcox o 



(£, I GBTti*a.-A'5 1 OteSJfS&SWc&STCtf 

»t*aBtT*>S. idOflKKO*-^, 

7H,fc I GBT*y a -;k/IM»^^f W-l > 

6, 7li£<3£fctc*«ll,fc 

(H»J5 ) H906BrWflfMl^I2£ffifflLTlMlt 

<9j:3fc. I GBTtS>*-/P5 1 0l«»y7 h 
TfiffSfU ftffl##JI2 OOkP a 4Tct)J^Wc^- 
/M9*BBl/0>*. £<D£7J(4. aSSW^l Ofg 

[00793 U>>L&#*^ S«=Sf*EE!Wfe5&H0|«i 

*>»rffitt#*4. *HMMT14. ^A-^tf9 3* 
fc. <7l^ >«It9 0 £;£*<ILT . ffift 9 3 (ftJfta* 

^-^5 2 1ffl<0BBPl»9U4. ^l^ytfB^O 

HBSi: I/O**. W?y®m9 0i:ffi#:9 30>#ffl8 

(H5S0ij6) hi o^ffifflLT, mmnoho— 
&v ^to»*wes t ts^JtiBiffl^v ^gJSN&^-f- 

ikS:#St \,X^h. ^A'-^gfiO0MC > 

m**mmzm^txh<mun> 1 o 1 tR»nv^i 

[00803 iBPSB 1 0 1 (4*»«rait*fe4vViH 
T14. 12mm, ft§ 2 OmmtoPP^6@j0f^St 

fc. 1315 24^-?^ nyiss 9(4. 5 vmetw 

mLTi^JiP a »V^ itz. «^5 9ti4a*-fe>- 
-fl 0 2^^«LT. mfflmtHays 1 2^A7j 

Zbtt^XotzmWZtih. 

[00813 ( mmm i > \;\±z-r><n>m7m^mm\ 

•^flfircft-sfe. 3KUSWU4. S7KLTtffft^K.^» 

+ . av vwsascoBftBflBHi^ia'c* * 0 3 t^-r . 

[00823 )V7-^Ja--)V3 OfiHcO^M^-X 3 
l»cffi«:3 2Sr^ML, ffi*3 2fiffl«IBPgBSr^: 
JR^-^3 lT-*<% J*V>*»1 2(4, SitO^colt 
46S»*J»«Snfc*»ffll^l 3 3 Sr . 3 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



!(8) 003-116282 (P2003-116282A) 



■ 

[0 0 83] -tts:hh, *flKt^-sK-f>M4. Ztl 
[0084] JTF 30<?)ilMil jgM<t><0V^ 3 >S 

[0085] (uss^js ) *ggtffl£ ,012 t^-r 

BTfflWMST'^-f-So >fWW»fc 12 0KB 

CB 1 2 2£M3siOH*5 7 , Cil*l/CUS. 

"fe, P C B 1 2 2«ffl£Mii:7j<g&5 1 1 Bffitmkt 

h. 

[0086] «^T, iJhJiTWSSttWfcgfc 1 ^ PC 

mmmxfoh. 9mmso&&. ttfti 2o<okbk47 

7-yhT£>*><rk#\ PCB l 2 2flXtt±a**l5. ft 

[0087] mmmtfm&x', ruxmxwxhmm 

ffiWKiBtcv'fnyfflS&filiOftttSikttffl 

xmi 3K*-t, 

[0 0 88] M3#/H-5 7T\ PCB 1 3 0Rffl^# 

Srjsn 1 3 1 o tuts i fc t J: Ki-sumzmm IX 

US. PCB{4n-fflH^i; ; S:l.^{^i!iM8k[5lt 
T\ ^^*«4^SCT8J:0t^ ; F«T1-|»o 

OfcJgSl 3 lfcJSBU SMkV^L j:Kfi#5 1^ 

(isswi o ) Jtmmn. isms. 905«fiB»fc» 
a&jt^atufcfts. mmmmmx'hmi ax* 

[oo89] pc B<?)i$mB&mi%xt& t , o 
mmmm.tmxhh. *tzx\ *saMrciiPCBi 

4 2{4WfflHgkt. v-f 3>5 1 2cDS*&t &£>#>t 
feffifc 1 4 OJ®W^»*tTfcV^^g#v-b 5 1 6 

1 4 OMiL, t»nyfyf5 1 3W^{ifS«gpp 



(hmswi i ) m2 8mmmmm^m^mixm+ 

84mz®m\B\mmmmi-z>nzm±ix. jsm.2 
8 5n<^>MzwM.Ltz^<nmmmx'hh . 

1 0 0 9 0 J 07 fc* LfcSSttW 2 T\ $Uflfl[Uff&»MSr 

H9>f AftKl GBT J ESot-;P7 2<?5flHt MftQIS 
7 1<0«3ii±ll««l2fcl^-*C*6. iW{4, iflJ®« 

kf£>&. 

[009 1 ] fiS28 5£0J»M[7 l£M3siOH*5 
7THSU ff#:2 8 4J£HK2fflKlrSftfe*lfclHPil 
2 8 8 £ X LT A V 9 7 * * -7> 2 8 7 -CMOS 
S7 1 k^'-h YvA A'rt^I 2 «0 

[0092] mm\ 2 k Hai. wmmt 
mmm^xhh^. n< %~?x t>s-4xm£.mm 

U. *^A-/l/CrtK*<ifch*5'f Att. &i»*K5 1 
lTftS]$*U>*tf>s McHK. «S7 U4JR 

* i BUfcWtWt* § . ±M 2 8 0 it , $W0JK^# 
SL^v^\ i*i*T<^l»MJ: OliHStfav^Bik 

< wiwi 2 ) mmmmmmi 1 ^^lt^+zco 

[0093] ZtltXCDmUmUZX , IGBTt^ 
-;K4 1 7- A^E ^ a -/UCO^T'S) r>fz. Z COi%£, 

^^'jl-;K07c$ 8*«^8v*«>, t/i-^W 
fcJfcW'K&v^ M^#SD^v\ ^OTfljSi*»ft6. 

[0094] #gSHs0«±, k {c*r«Ufc«^T& 
05coHJgCT3tfcV^T. I GBTty'iWH 1 
LT, avvKSSl 1 3c7)fg£rft* 
«02fgk Ufcik*«HffirC*S. ^vW»»Stt2mm 
T'ftOs Sff2mm(07^S-'>All 1 1 CO^P^ 
tt. 0^tTV^vW, ffifltl 1 04>«0jWV^S» 

[00 952 P , NA'XA- 115, 114, ffe««l 
1 7. U, V, wai^TOl 1 6ii, I GBTCy'i- 
/WBJBc^ffctffVv 05<O*^k^*>-5fV^|). 7KS§ 
1i^'05c7)^-kJt^T^2«k*'>TV^/ti« > ), 
^flHH6k^Sfcit>t»4Sab& t 2fii:*6*«, EWfM 

(mmm 13)015, 1 6 zmmix. m+=<omm 



Patent provided by Sughrue Mion, PLLC • http://www.sughrue.com 



!(9) 003-1 16282 (P2003-1 16282A) 



[0 0 9 6] S&fctt, »fflkf& 

[0097]^ w^wm w-zmfomm 

[0098] *HiMi;t ^r7-0Bo*iiftffi**L 
7tfcc0T$>S. Hl5fcJ3Wt, i*i4Ti:H«ta!S 
c0M=5:l>a^ i 'ffM§ii^*ii&ffl«jt#:l 5 0£A<7_ 
Wty'a-yH 0 2:11* Lt\ avvWHU 2£7FM 

[ 0 0 9 9 M >A*-^tt#:{i s 7KSSfflfflJt* 150. 
flUEl 5 1 t*»fe1IRS<tft. HK1 5 lfcHSSfufe 
^-hh'7^«4 0. m.A3*<T)U^y 
*K4'1<0«J& »^tt£ft4"?tf>ISttWfc R tT* 

[o i oo] hi 6 tftnwffimmx'h h . ait* i 

5 0 * 2 §m b 1 T . «M«M£ 2 figffc bfc*£<03dfc 

etc* h . mm 1 5 0 ^K^t**?^ 1 6 5 -c» 

*SL-fWfcU «»1 6 0fcH£U JSffl(4K^l 6 2 
•VWbtil. «3ST\ ^fcl,fc*»ffl3t*l 5 0£ 

[0101] 3ri$, v>f 64te. 7^nyi 

«4 1 kmmmz%iwftiimmitx'zz>*immi 

[0102] JiLL. ^#&^V7-EHo£ftgHI 

aoiaswtov \xw% ifz.myhiz. mm mm 

mituzmmmmixmrnmrn-t^z bx-hh, 
{.mm\ 14)027 mm lx , 3?+0<o»«ift 

[0103] *HIMii ztitx\ ■fc&wmMM y 



lc?)^a^_x2 7 2^fiHtC. ^2 2mmcDg&2 7 
3*J»SU A yn-^Wk-2 7 oiWaKdKK/rx 

[0104] aHMBHTIi. >f yA-^g#: 2 7 o tS 
»!4*3*l.TVvfitV^, t^2 7 Ofcl 5mmg«<08 

«ri/o>*. *mmx\ mm, Rth ( j-w> . 

[0105] #fi§ilc0;>< 'J 7 Hi. fit. /W-tyj. 

xiDi^wiTfc 0 . taffl-ts fcftcii, 

®M,%ZtX'h$>. 

[0106] oils a yrt-tzffiffct&w-mR 
vmmnttfflitmftmiz^xmtyi. t, 

±^zi&&m hZb Zm^Mzlfc. zcozbit. 

7''J •yK#-fc&Wt s ftiP^iixy^'y i 

*t-9/A bTl&iLXh~>tzj)\ ffi#£BH* 

[0 107] 

sate* & fcft. Av-^frt iSA-iir&xfiga&fc 

nmw* mm*fo±.~thz\btfxibh. 

1 0 1 0 8 3 7mRW^~^m^y^~)V(n> 

±T£iWH0»*K£KHU J: 

mw<wm®fa±.i,z%}m i fo& . 

1 0 1 0 9 ] § fe(c % fffr^. «Si:iSS^«tl>7J< 

mmmm -m. lx rn.it u-f^ co^fisn 

[Hi ] *mcom*w&z^mmmmmmx% 
[H2 ] m%<omm%m m&t y^-?z*-tmmm 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



(a0))03-116282 (P2003-116282A) 



[03 1 ^m^m^weti^i-mmmmmmTh 
i. 

&. 

[05 ] m=mmmmmmmmx°hh. 
[06 ] m-mmimmmmm^mx-hi. 
[07 ] mzMmmmmmmmmx'hh. 

[09 ] mmmmmtfflkmvht. 
[010] m^mmmcommmmm^mx'hi. 
[0ii] w.-\—mm\mmmmmmx'hh. 
mi2]mAmmmcDmmffimmmx'hi. 

[01 3] 

[014] 8+HttfloSflB«!3^^*C»* o 
[01 5 3 m+H^JI»»fffl1ijt«^0-C"3bl»o 
[0163 ^+H^MW«Bfrffi»M0T\ (015 

m&mmmx-hi. 

[01 8 3 -HISMco^ffl. iMIjW'AV-^^ 
[01 9 3 -HMM^ffl^0TP^'XA'-^ig^* 
[02 0 3 -HteW^¥ffl^0TP, N^<-JMS 

[02 1 3 ~mmm^wtmMXN^z;\-mmz^ 

[02 2 3 -laSWWMKSElT* OWWEIRaiftaS 

[02 3 3 &*«g^aflf3i<94 y^'-^&^wfffl 
[02 4 3 *mcom*m^twmffimimmx'^ 

[02 5 3 yA-?£^-t»fW 

[02 6 3 fls*fci»fcajfl!3e<M y^'-^^^-riiT® 

[02 7 3 S+ES»WI«0tW. 
[02 8 3 m+*»cO»Tfflffi5tjS^0T'J)l» . 

1 0, 3 0, 2 3 0, 2 71-^7-^ift*^- 
>k 5 10, m-IGBTtyj.-Zk 11,3 
1, 23 1, 2 7 2-AV-^#* ; Evjl-71/c7)#JR'<. 
-X. 12, 511, 113, 254, 2 7 3-SVVk 

13, 21, 32, 42, 51, 61, 73, 8 
0, 1 00, 1 1 0, 1 20, 140, 233, 27 
0, 2 84-4 yrt-?W.W, 14, 5 0, 161, 2 



8 0-±S. 15, 6 0, 7 1--iWW®B*ttU 16, 
5 17, 5 14-y-V¥y^^ 1 

8, 5 1 s-t-^yx, i9, 5i3-mm-=iyfy 

2 0, 2 3 6, 2 5 3-*». 2 2, 2 3 4-*» 
2 3 3-*»fflJS 

SL 40. 58, 16 3-iM»[lMS(y-bK74 
A\ «L ffi) . 6 2-SVVkBJBJfcS. 4 1, 59, 
122, 130, 142, 1 6 4-fffl«[I]i&>« (V4 
flfi) s 4 3, 52, 83, 121, 1 31, 14 

i. 1 62, 285-»m&mwmat. 53, s 
1, 11 i-BBpaft*r^s-^«, 54-tmm 

^ h . 56-iGBTt v A-^s^mmm 5 # 
5 7-?v>b®mmmmmm3x>]sb, 51 

6, 8 4-3fcfiK3|i'-K 5 17, 114, 281-:/ 
5yK(N)AxA-, 5 18, 115, 18 2-«ffl 
(P)A*XA- 5 19, 1 1 6-aWJiB*. 5 2 0- 
7-f;^3yfVt, 52 1, 7 5, 2 8 7-4 
x-v^-TVk 5 2 2, 7 4-4y^7x-XS : f. 
523-*^yhh5>-X, 5 2 4-f-yTffifiik 52 
5-f--y7°ayr>-9-, 526, 117, 283, 25 
3-«*BL 2 5 8-IGBT*^a-;MM»«HF. 9 
1, 527, 258, 288-4 V97 x-Xf-flV 

mwrnu. i o-%mmmm±m. 7 2-y-hF? 

BHPfflk 1 0 2-ibk-te>'-?\ 1 5 0, 2 5 0-*Kffl 
flBftflc, 1 6 5—7k»flKe*««S«. 1 7 2—i»V>*» 
fflMPSS. 1 7 3, 2 4 0-HfcvWBk 
-^JRffffiMS*^, 1 7 5-7^;^3yf>t, 

1 7 7-3&j#*«\ 18 2-IGBTtya 
-;HX#fflM5*'^h. 186-P«B% 187-Nffl 

18 9-»xS-^ig^ 1800-y-MI 
; F. 180 1-XfA"ayf>«Sf> 180 2- 
7 4 /I-? a >"r ^KWBffP. 2 3 2 ■ ■ ■JRg**' U - 
X. 2 5 5-*J8flBt«tBBP95B, 2 3 5-7 9 
2-tft/IGBTty' a -/l/y-;«, 15 1, 16 
O-gflsfflUg. 1 9 0, 2 0 1-IGBTty^ 
WJ»SB?fflH!P»» 1 9 2-PA'XA'-3|0ttitgP. 1 

9 1, 2i2-7^;w^3yr>-tffi^fflrapgB, 2 1 

O-PA^AHfflPrft. 211-WX%ffi. 2 5 1-S 

jwtwBaiu, 256-a 

vvJcRRS. 2 0 0-IGBT*i/jL-;W±JB7-. 7-f 
/l^ a yf^t fflHPS. 2 5 7- -7j<l$}»t#« 



Patent provided by Sughrue Mlon, PLLC - http://www.sughrue.com 



<SL 1 ) ) 0 3- 1 16282 (P2003-116282A) 



mil 

m i 



[H2] 

m 2 



14 



13' 



15 16 17 1 








1 * .10 


^ -•y' \}~ 


t 


12' 



io— =Ei;i— ji/ 

13- -f 

14- jti 

12-*fR 



J 



15 16 17 18 r— n 



■ 10 



m 



» 4 " 23 22 



[H33 

m 3 



14 



J 



X 



15 16 17 18 




y „ 




^-30 -~. 










-1 


/ ' ' ' 
— 


1 

J 


r 

— 



32 



m 4 



it 







10-—-^ 


H — ^ — 10 



"7 








R— •» 


41 12 




-> ' 

43 



42 




_ q t T i 

"2 I I 511 J t 
67 52 526 ° " 



511 524 510 522 63 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



(a 2)103-116282 (P2003-1 16282A) 



[06] 




Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



(*L3))03-116282 (P2003-1 16282A) 



[010] [026] 





[01 2] 




Patent provided by Sughrue Mlon, PLLC • http://www.sughrue.com 



(*14))03-1 16282 (P2003-1 16282A) 



[01 3] 





[015] [019] 




Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



«L5))03-116282 (P2003-116282A) 



imi 6] 




iso o> 



[01 7] 



173 



1J3-F 



-53 



-172 



51 177 63 



r 173 c ir ,73 s 



„ -.172 „ „ .172 „ 

j^ 173 r- j-^' 73 H 



3y 



53 



53 



174 53 



{Km Ldh-173 L-dkin t 



[01 83 



=3Rl73 



-53 
-176 

' A-ABffnB 



1801 1802 



520 (<§M§)^-520 




.175 
182 
•510 



'X 



230- 



[023] 
m 23 



r— 1 L-n 233 



.230 



fl. 



236 ] 3 i lis 23^ 232 



r 



^^1735^1=^73 Stl 6=^73 511 t=dRl73 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



(SL6) >03-l 16282 (P2003-1 16282A) 



[020] 



55 1802 *} 9 



.200 



[024] 
SI 2 4 



56- 



187 ' 



189 



900 




1B00 V 



-L-201HB B--201- 



200 



-175 
182 
810 



i 



230 - 



-53 



519 19* 519 



519 619 



V 5 16 17 1 » 




If" 





240 Z J D 



S6- 



[02 1] 



m 65 5b 617 212 S26 




1800 




^ To 21. 



K2 



,175 
182 



[025] 
H 25 



?56 



JO ,1 



510 255^- 

H ^-cr— 
-61 ho 



-257 



253 252 261 254 260 



519 519 t.19 



-53 
-176 



[027] 

m 27 



4l ? JL llVn FH-Ta 



271 • 



I ' r-^n,\rTF==i 



-271 



970- 



'73 272 ?73 

Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



(SL7))03-1 16282 (P2003-1 16282A) 



[022] 




(51) Int. CI. 7 mfflft FI (##) 

H 0 1 L 25/18 

02) ma k- mf&m ras e& 

F?-A(##) 5F036 AA01 BA10 BB14 BB21 BB41 
BC03 BC05 BC35 
5H007 AA06 BB06 CA01 HA03 HA04 
HA06 HA07 



Patent provided by Sughrue Mion, PLLC • http://www.sughrue.com 



